Context. We present the results of the long-term (1995)(1996)(1997)(1998)(1999)(2000)(2001) (2002) (2003)(2004)(2005)(2006)(2007) spectral monitoring of the broad-line radio galaxy 3C 390.3, a well known AGN with double-peaked broad emission lines, usually assumed to be emitted from an accretion disk. Aims. To explore dimensions and structure of the BLR, we analyze the light curves of the broad Hα and Hβ line fluxes and the continuum flux. To detect variations in the BLR, we analyze the Hα and Hβ line profiles, as well as the change in the line profiles during the monitoring period. Methods. We attempt first to find a periodicity in the continuum and Hβ light curves, finding that there is a high probability of measuring quasi-periodical oscillations. Using the line shapes and their characteristics (such as e.g., peak separation and their intensity ratio, or FWHM) of broad Hβ and Hα lines, we discuss the structure of the BLR. We also cross-correlate the continuum flux with Hβ and Hα lines to determine the dimensions of the BLR. Results. During the monitoring period, we found that the broad emission component of the Hα and Hβ lines, and the continuum flux varied by a factor of ≈4-5. We also detected different structure in the line profiles of Hα and Hβ. An additional central component appears to be present and superimposed on the disk emission. In the period of high activity (after 2002), Hβ became broader than Hα and red wing of Hβ was higher than that of Hα. We detected time lags of ∼95 days between the continuum and Hβ flux, and about 120 days between the continuum and Hα flux. Conclusions. Variations in the line profiles, as well as correlation between the line and continuum flux during the monitoring period, are consistent with a disk origin of the broad lines and the possible contribution of some additional region and/or some kind of perturbation in the disk.
Introduction
Active galactic nuclei (AGN) often exhibit variability in the broad emission lines. The region where broad lines are formed (hereinafter BLR -broad line region) is close to the central supermassive black hole and may hold basic information about the formation and fueling of AGN.
A long-term spectral monitoring of the nucleus of some AGN has revealed a time lag in the response of the broad emission lines relative to flux changes in the continuum. This lag depends on the size, geometry, and physical conditions of the BLR. Thus, the search for correlations between the nuclear continuum changes and flux variations in the broad emission lines may serve as a tool for mapping the geometrical and dynamiSend offprint requests to: A. I. Shapovalova, e-mail: ashap@sao.ru cal structure of the BLR (see e.g., Peterson 1993 , and reference therein).
During the past decade, the study of the BLR in some objects has achieved considerable success, mainly because of the increasing number of coordinated multiwavelength monitoring campaigns through the international "AGN Watch" program (see e.g., Peterson 1999) . Most of the objects, included in the AGN Watch, are radio-quiet Sy1 galaxies and only one, 3C 390.3 (z=0.0561), is a well known broad-line radio galaxy. It is a powerful double-lobed FRII radio-galaxy with a relatively strong compact core. The two extended lobes, at a position angle of 144
• , each one with a hot spot, are separated by about 223 ′′ (Leahy & Perley 1991) . A faint well-collimated thin jet at P.A. = 37
• , connecting the core to the northern lobe, was observed by Leahy & Perley (1995) . The VLBI observations at 5 GHz show evidence of the superluminal motion (with v/c∼4) in this parsec-scale jet (Alef et al. 1988; Alef et al. 1996) .
In a similar way to about 10% of radio-loud AGN, 3C 390.3 emits very broad, double-peaked emission lines. A number of possible models have been suggested to explain double-peaked line profiles: supermassive binary black holes (Gaskell 1996) , outflowing biconical gas streams (Zheng 1996) , or emission from an accretion disk (Perez et al. 1988; Rokaki et al. 1992) . The strong variability of this object, in both continuum and emission lines is well known (Barr et al. 1980; Barr et al. 1983; Yee & Oke 1981; Netzer 1982; Clavel & Wamsteker 1987; Veilleux & Zheng 1991; Wamsteker et al. 1997; O'Brien et al. 1998; Dietrich et al. 1998; Shapovalova et al. 2001; Sergeev et al. 2002; Tao et al. 2008; Gupta et al. 2009 ). The object is also a highly variable X-ray source, which has a spectrum exhibiting a broad Fe Kα line (Inda et al. 1994; Eracleous et al. 1996; Wozniak et al. 1998) . During a multiwavelength monitoring campaign in 1995, several, large-amplitude, X-ray flares were observed in 3C 390.3; in one of them, the X-ray flux increased by a factor of 3 in a period of 12 days (Leighly et al. 1997) . The X-ray flux also varies on scales of several days (Gliozzi et al. 2003; Gupta et al. 2009 ), exhibiting greater variation for a smaller energy range (Gliozzi et al. 2003) .
In an analysis of IUE spectra of 3C 390.3 obtained during 1978 -1986 , Clavel & Wamsteker (1987 detected a variability time lag of 50 and 60 days for the broad C  λ1549 and Lyα emission lines, relative to the UV-continuum changes. However, from a reanalysis of the same spectral data, Wamsteker et al. (1997) derived a lag of 116±60 days for C  and 143±60 days for Lyα. Furthermore, from the IUE monitoring data from December 1994 to March 1996 , O'Brien et al. (1998 measured a corresponding lag of 35 days for the C  λ1549 emission line and 60 days for Lyα. From the optical monitoring of 3C 390.3 during 1994 390.3 during -1995 390.3 during , Dietrich et al. (1998 derived, however, a time lag of about 20 days for the Balmer lines, i.e., their response with respect to changes in the X-ray continuum. Furthermore, a temporal lag between the optical and the UV or X-ray continua was not detected. From the spectrophotometric monitoring of 3C390.3 in 1995 3C390.3 in -1999 3C390.3 in , Shapovalova et al. (2001 (Paper I, hereinafter) found that the lag of the Hβ emission line relative to the continuum flux changes was ∼100 days. Sergeev et al. (2002) inferred a lag between the continuum and Hβ variations for the centroid CCF of ∼89 days. The UV-bump, usually observed in a large number of Seyfert galaxies, is very weak or even absent in 3C 390.3 (Wamsteker et al. 1997) .
Studies of the variations in both the continuum and broad emission-line profiles and their correlations can provide information about the BLR physics (see e.g., Shapovalova et al. 2009 ). The double-peaked broad lines of 3C390.3 are indicative of accretion disk emission, therefore long period spectral variation in 3C390.3 can help us determine the nature of accretion disks. In this paper, we present the results of the spectral (Hα and Hβ) monitoring of 3C 390.3 during the period between 1995 and 2007. This work proceeds the long-term monitoring program for 3C390.3 and our first results were published in 2001 (Paper I). In this paper, we present spectral data between 1995 and 2007, and we analyze the continuum and Hα, β line variations. The paper is organized as follow: in Sect. 2 we describe our observations and data reduction, in Sect. 3 we present the analysis of the observations, in Sect. 4 we discuss our results, and in Sect. 5 we outline our conclusions.
Observations and data reduction

Spectral observations
Spectra of 3C 390.3 (during 158 nights) were taken with the 6 m and 1 m telescopes of the SAO RAS (Russia, 1995 (Russia, -2007 and with INAOE's 2.1 m telescope of the "Guillermo Haro Observatory" (GHO) at Cananea, Sonora, México (1998 -2007 . They were acquired using long-slit spectrographs, equipped with CCD detector arrays. The typical wavelength interval covered was from 4000 Å to 7500 Å, the spectral resolution varied between 5 and 15 Å, and the S/N ratio was > 50 in the continuum near Hα and Hβ. Spectrophotometric standard stars were observed every night. The log of spectroscopic observations is given in Table 1 (available electronically only).
The spectrophotometric data reduction was carried out using either the software developed at SAO RAS or the IRAF package for the spectra obtained in México. The image reduction process included bias and flat-field corrections, cosmic ray removal, 2D wavelength linearization, sky spectrum subtraction, addition of the spectra for every night, and relative flux calibration based on standard star observations.
Absolute calibration (scaling) of the spectra
The standard technique of the flux calibration of spectra (i.e., comparison with stars of known spectral energy distribution) is not precise enough for the study of AGN variability, since even under good photometric conditions, the accuracy of spectrophotometry is not superior to 10%. Therefore we used standard stars only for a relative calibration.
For the absolute calibration, the fluxes of the narrow emission lines are adopted for scaling the AGN spectra, because they are known to remain constant on timescales of tens of years (Peterson 1993) .
However, for 3C 390.3 there has been discussion about the variability of the narrow lines. We considered this in more detail in Paper I and found that in the case of 3C 390.3 there is no reliable evidence of the [O ] λλ4959+5007 flux variability in timescales of between months and years. Therefore, spectra were scaled by the [O ] λλ4959+5007 integrated line flux taken to be 1.7×10 −13 ergs s −1 cm −2 (Veilleux & Zheng 1991) . To confirm this, we compared photometric fluxes in the V filter with the spectral fluxes (close to observed λ =5384 Å) obtained from spectra scaled by [OIII]λλ4959,5007. Spectra and photometric data were obtained using the aperture 2 ′′ × 6 ′′ , and 15 ′′ , respectively. Both observations were performed in the same, or in nearby nights (separated by <3 days). The V magnitudes were transformed into fluxes F(V) using the equation (Alen 1973; Wamsteker 1981; Dietrich et al. 1998) log F(V, 5500) = −0.4V − 8.439.
(1) Figure 1 (available electronically only) shows a correlation between photometric and spectral fluxes in the monitoring period. The regression line corresponds to the equation:
As can be seen from Fig. 1 , there is a strong linear relationship between F(V) and F(sp) with the correlation coefficient R=0.99. This indicates that the [OIII] lines do not vary (at least on a level of a few percent) on timescales of ∼13 years, i.e. during our monitoring period. The scaling of the blue spectra was performed using the method of Van Groningen & Wanders (1992) modified by Shapovalova et al. (2004) 1 . This method allowed us to obtain a homogeneous set of spectra with the same wavelength calibration and the same [OIII]λ5007 flux. Red spectra were scaled to the constant flux value of the narrow emission line [OI]λ6300, by also applying the modified method of Van Groningen & Wanders (1992) (see also Shapovalova et al. 2004) . As a reference, we used a red spectrum obtained with the GHAO 2.1 m telescope during a good photometric night, and accurately scaled using the [OIII]λ5007 line (details of the procedure are given in Shapovalova et al. 2008 ).
Unification of the spectral data
To investigate the long-term spectral variability of an AGN, it is necessary to gather a consistent set of spectral data. This requires us, in turn, to correct the line and continuum fluxes for aperture effects (Peterson & Collins 1983 ), a detailed justification of which is given in Peterson et al. (1995) , and will not be repeated here.
The NLR in 3C390.3 is more compact than for most Sy1 galaxies. In narrow-band [OIII] images, the object displays compact nuclear emission without any extended structure (Baum et al. 1988 ). The results of panoramic two-dimensional spectrophotometry of the nuclear region of this object imply that the [OIII]λ5007 emission originates in a zone smaller than r < 2 arsec (Bochkarev et al. 1997) . Furthermore, Osterbrock et al. (1975) obtained a rather low value of the [OIII] F(λ4363)/F(λ5007) line ratio, implying a moderately high electron density in the NLR (several 10 6 cm −3 ). Therefore, the NLR in 3C 390.3 can be considered to be a point source, and we did not correct for aperture effects either the ratio of non-stellar continuum to narrow-line flux or the ratio of the broad to narrow line flux, as the light losses in the slit are similar for these components. In addition, our apertures are 2 ′′ × 6 ′′ or 2.5 ′′ × 6 ′′ , which are greater than the size of the NLR. However, the light contribution to the continuum from the host galaxy does depend on the aperture, and it is necessary to introduce the corresponding corrections. To accomplish this goal, we adopted the relation (see Peterson et al. 1995 )
where F(4959 + 5007) is the absolute flux in the [OIII] doublet and the value in brackets is the continuum to [OIII] line observed flux ratio, where G is an aperture-dependent correction factor that accounts for the host galaxy flux. Since most of our spectra were obtained with the 6 m telescope through an aperture of 2 ′′ ×6 ′′ , this instrumental setup was adopted as standard (i.e. G = 0 by definition). The value of G for the spectra obtained at the 2.1 m telescope (aperture of 2.5 ′′ × 6.0 ′′ ) is G = 0.046, while for those obtained at the 1 m telescope (aperture of 8
We note here that there is the influence of seeing on G (Sergeev et al. 2002) . We estimated that if the seeing changes from 1 ′′ to 3 ′′ (that was typical for our observations), the G would change at the level of ∼5% (see Sergeev et al. 2002) . For standard apertures 2 ′′ ×6 ′′ , and another aperture 2.5 ′′ ×6 ′′ that is also very close to the standard one, the estimated G is very small (G ∼ 0.046 × 10 −15 erg cm −2 s −1 A −1 for aperture 2.5 ′′ ×6 ′′ , or 3% of the minimal flux). Therefore, in our case, the seeing has a small influence on G. We did not estimate the contribution of the host galaxy, since it is constant and does not influence the analysis of variability, but we mention here that Sergeev et al. (2002) estimated that the host galaxy contributions (for a seeing of 2.5 ′′ ) in the Hα and Hβ wavelength region are ∼ 7 × 10 −16 erg cm −2 s −1 A −1 , and ∼ 4.6 × 10 −16 erg cm −2 s −1 A −1 , respectively.
The narrow emission-line template
To obtain only the broad component of Balmer lines, i.e. to remove the narrow lines, we created a narrow line template using the blue and red spectra in the minimum activity state (Sep 09, 1997 and Feb 21, 2002) , obtained with a spectral resolution of ∼ 8 Å. In these spectra, the broad Hβ component was very weak, and the broad component of the higher Balmer line series were absent. To construct the narrow line template for the Hβ wavelength band, we first estimated the broad component (as can be seen in Fig. 2 , top) and then subtracted it from the composite spectrum. The narrow line template is shown in Fig. 2 (bottom) . In the case of Hα, there is a problem of removing the atmospheric B-band (O2) at λ=6870 Å in the blue wing. In comparison stars, the B band is very weak due to the shortness of the exposures, therefore it is not possible to remove it using the relative flux calibration. To remove this component, we used the spectra of NGC 4151, taken with long exposures in nights closeby in time. Using different coefficients, we then subtracted the B-band from the Hα observed spectrum in the minimum activ- ity state (Sep.9, 1997) . Using this spectrum, we fitted the broad component by the spline method (Fig. 3, panel A) . The narrow line template for the Hα line was obtained by subtracting this broad component from the observed spectrum (Fig. 3, panel A) .
In addition, we apply the Gaussian-fitting method to the Hα wavelength region, after subtracting the B-band (see Fig. 3, Fig. 3 , the observed spectrum and the sum of all Gaussian components and their residuals are presented. One can see that the sum of Gaussian components closely represents the Hα observed profile, i.e. the residual is very small. In Fig. 3 (panel B, middle) , we present the estimated broad component of Hα, obtained by subtraction of sum of narrow Gaussian components, from the observed spectrum (after removing B-band).
panel B).
We also compare the broad components, obtained by using the spline method and the Gaussian-fitting method (Fig 3, panel  C) . As can be seen from Fig 3 (panel C) , there is practically no difference between the broad component obtained with these two different procedures.
Measurements of the spectra and errors
From the scaled spectra, we determined the average flux in the continuum at the observed wavelength ∼ 5384Å (or at ∼ 5100Å in the rest frame of 3C390.3, z=0.0556) by means of flux averages in the frame of 5369-5399 Å. To determine the observed fluxes of the broad Hβ and Hα lines, it is necessary to subtract the continuum. To achieve this goal, after subtracting the narrow components, a linear continuum was fitted at windows of 30 Å located at 4800 Å and 5400 Å for the Hβ wavelength band, and at 6560 Å and 7250 Å for the Hα wavelength band.
After the continuum subtraction, we defined the observed fluxes in the lines in the wavelength intervals 4909-5353 Å for Hβ and 6740-7160 Å for Hα.
In Table 2 (available electronically only), the fluxes for the continuum, broad Hα, and Hβ lines are given. The mean error (uncertainty) in the fluxes is for the continuum ≈ 3%, for the broad Hβ line ≈ 5% and the broad Hα line ≈10% (see Table 3 , available electronically only). These quantities were estimated by comparing results from spectra obtained within a time interval shorter than 3 days. In addition, we measured the line-part fluxes. To do that, we divided the Hα and Hβ profiles into three parts: the blue wing (covering the blue peak), the core, and the red wing. The intervals adopted were: (i) for Hβ, a blue interval of -9004:-1988 km s −1 (4977Å-5097Å), a central interval of -1988:+1988 km s −1 (5097Å-5165Å), and a red interval of +1988:+8010 km s −1 (5165Å-5268Å); (ii) for Hα, a blue interval of -9007:-1992 km s −1 (6720Å-6882Å), a central interval of -1992:+1992 km s −1 (6882Å-6974Å), and a red interval of +1992:+9007 km s −1 (6974Å-7136Å). In addition, we measured only the blue and red part of lines by considering the intervals -9004:0:+8010 km s −1 for Hβ and -9007:0:+9007 km s −1 for Hα. In Table 3 , we present the estimated mean flux errors in the Hα and Hβ lines and their segments. Figure 4 (available electronically only) shows the distribution of the flux error in the Hβ line parts against the corresponding fluxes. There is only a weak regression between the flux error and flux in the broad Hβ line, while we can not detect the regression for the case of the broad Hα line.
Data analysis
We analyzed variations in the continuum and lines using a total of 129 spectra covering the Hβ wavelength region, and 48 spectra covering the Hα line. During the monitoring period, we found that the minimum in the continuum flux occurred during August-September 1997, and the maximum in May-June 2007.
In Fig. 5 , the shape of 3C390.3 spectra around the minimum and maximum of activity is presented. As can be seen from Fig. 5 , the slope of the continuum in the blue part of the spectrum in the minimum-activity state was significantly flatter than in the high-activity state. (Penston & Perez 1984) . Therefore, to compare the continuum and broad line variability we use the broad Hα and Hβ lines only, and the measured continuum around λ5100 Å(rest frame).
Our measurements are given in Table 2 (available electronically only).
Variability of the emission lines and the optical continuum
As noted above (see e.g. Paper I, Dietrich et al. 1998; Sergeev et al. 2002; Tao et al. 2008, etc) , the optical flux variability of 3C390.3 in the line as well as in the continuum was observed. The light curves of the broad Hα, Hβ line, and continuum fluxes are illustrated in Fig. 6 . In general, the light curve of the continuum is similar to that of Hβ and Hα, but there are some differences in the sharpness of the peaks (maxima) and also it is obvious that a lag exists between the continuum and Hβ and Hα light curves.
The maximum amplitude of the flux variations during a monitoring period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) corresponds to factors of ∼5.2 for the continuum (at ∼5100Å in the rest frame), ∼4.7 for Hβ, and ∼ 3.4 for Hα (see in §3.5, Table 5 ). As one can see in Fig. 6 , there are several maxima (outbursts). They are more prominent in the continuum light curve than in the Hβ and Hα light curves. In 1995-2002, an outburst of decreasing amplitude and duration (intervals between minima) from 1000 days to ∼400 days can be seen. In 2003-2007, we can discern about ∼3 outbursts on ascending branch of curves of durations ∼600 days, ∼900 days, ∼500 days, and a maximum in 2007. The similar outbursts (oscillations) in the light curve in B band from 1995 to 2001 are also clearly seen (see Fig. 2 in Paper I). These minima/maxima may be indicative of a periodicity (or quasi-periodical oscillation) in the continuum and broad-line light curves.
Light curve analysis
Searching for periodicity has been an important part of variability studies of AGN, because the confirmed periodicity would strongly constrain possible physical models and help us to determine the relevant physical parameters of AGN. We therefore applied a wavelet transform with the Morlet wavelet to see if there is periodicity in the continuum light curve. Wavelet analysis involves a transform from one-dimensional time series to a diffuse two-dimensional time-frequency image for detecting localized (pseudo-)periodic fluctuations from subsets of the time series corresponding to a limited time span (Torrence & Compo 1998) . We employed the standard wavelet IDL codes of Torrence & Compo (1998) to look for periodicities in the 3C 390.3 optical-continuum and Hβ flux light curves. A Morlet wavelet is particularly suited to the analysis of time series and has been successfully applied to study variability in AGN (i.e. Lachowicz et al. 2009; Hovatta 2008; Gupta et al. 2009, etc.) . We therefore employ a Morlet wavelet here, which is defined as
where t is the time parameter, π −1/4 is the normalization factor, and s, k are wavelet scale and oscillation frequency parameter, respectively. The parameter k has been set equal to 6 to satisfy the admissibility condition.
The continuous wavelet power spectra is subject to edge artefacts because the wavelet is not completely localized in time. It is useful to introduce a cone of influence (COI) in which the transform suffers from these edge effects (Torrence & Compo 1998) . Periods inside the COI are subject to edge effects and might be dubious. Figure 7 (available electronically only) shows the continuous wavelet power spectra of the long-term light curve in the opticalcontinuum and Hβ fluxes, respectively. There are evidently common features in the wavelet power of the two time series. Both wavelet spectra have a long-term periodicity (∼ 1.65-2.45 yr) in the late part of the light curve, above the 95 % confidence level, but within the COI (periodicity being too close to the total signal length).
However, we found a varying timescale of 0.5-0.74 yr around 2004 with a confidence of > 99.5% that this component does not arise by chance (significance computed assuming the global wavelet spectrum as the theoretical background spectrum following Torrence & Compo (1998) ) and located above the COI.
Taking into account that this method provides some indication about periodicity, we performed an analysis assuming that there can be several reasons for variability, e.g. some kinds of shocks or flares in the accretion disk. We therefore assumed that the total flux in the line and continuum can be represented as
where
A,B are different components of the continuum/line fluxes, and G c.l is the scaling function. All these functions may vary with time.
Using the above equation and observed light curves of the continuum and Hβ line, we estimated F A (t) by assuming this function to be an envelope covering minima on the light curves, and F B (t) to be an envelope covering maxima on the light curves. The illustration of the decomposition of the continuum and Hβ light curves into three aforementioned functions are given in Figs. 8 and 9.
In Fig. 10 we compare the (rescaled) function F A , F B , and G estimated from the continuum (dotted line, full circles) and Hβ (dashed line, asterisks) light curve. As one can see (Fig. 10 , first panel), the shapes of F A seems to be similar with slight differences, which may be caused by estimation of minima. In contrast, the shapes of F B are different (second panel), which is indicative of a rapidly increasing continuum F B from 2002, when higher activity of AGN also started. The F B component may be quasi-periodical in both the continuum and Hβ, i.e. it may contain two peaks separated by about ten years, that 10-year signal is also visible in the wavelet plot, though in the COI. Finally, the G(t) exhibits (third and fourth panel) quasi-periodical oscillations with a period of around 2-4 yr, which is very close to the period indicated by Morlet wavelet spectral analysis. The minima and maxima of the continuum G(t) more closely match those of the Hβ G(t) after a shift of ∼95 days, which is close to the lag obtained from the CCF analysis (see Sect. 3.6). It is also interesting that quasi-periodical oscillations can be seen until 2002, before the beginning of the high activity phase (from 2002 to 2007) . In the period 1995-2002, there are three prominent maxima. From 2002 From to 2004 , at the beginning of the activity, a clear peak cannot be seen, while from 2004 to 2007 two maxima can be recognized (see Fig. 10 , 3rd and 4th panels).
Changes in the broad line profiles
We first inspected the Hα and Hβ profiles using spectra with a resolution of 8Å for different epochs, comparing Hα and Hβ profiles. As one can see in Fig. 11 (available electronically only), there are no large differences between the line profiles of Hα and Hβ. The lines in all considered epochs show a blue-boosted and red-tailed peaks, which are common for emission from a relativistic disk. However, there are some differences among the Hα and Hβ line profiles that vary during the monitoring period. For instance, Hβ exhibits a bump in its central part during 1997-1998, which later disappears (until 2002) . From the maximal phase of activity in 2002, the red wing remains stronger in Hβ than in Hα. During maximum activity, between 2004 and 2008, the Hβ is also broader than Hα.
As noted above, the first inspection of line profiles identified differences between Hα and Hβ line shapes after the beginning of the phase of activity in 2002. We therefore, decided to consider the mean profiles of Hα and Hβ during the whole monitoring period, and both the mean and root-mean-square (rms) profiles for the period before March 05, 2002 (period I, JD2452339.01 according the minimum in Hβ) and after that (period II, see Figs. 12). The mean and rms profiles of both lines have "double-peaked" structure and a full width at zero intensity of about 20 000 km s −1 . The blue bump in the mean spectrum is located at a radial velocity of about -4000 km s −1 relative to the Hα and Hβ narrow components, while the red bump with the flatter peak is located between +2000 and +5000 km s −1 . The blue bump in the mean profiles is brighter than the red one during 1995-2007. The rms profiles show that the variability of the blue wing is stronger than that of the red (in all periods). As can also be seen in Fig. 12 , in the first period a central component was present and apart from the variation in two peaks, there is also a dominant variation in the core of the lines. We note that the sharp narrow central peak in the Hα rms and Hβ rms may be caused by the narrow line substraction.
We measured the full width at half maximum (FWHM) in the rms and averaged broad line profiles, and we defined an asymmetry parameter A as the ratio of the red to blue half width at half maximum (HWHM), i.e. A = HWHM red /HWHM blue . We also estimated the peak positions and their ratios. The measured values for the broad Hβ and Hα lines and their rms values are given in Table 4 . As can be seen from Table 4 , the FWHM of the mean Hβ line (as well as the rms) obtained from the whole monitoring period is broader than that of Hα, and line (and rms) profiles exhibit the blue asymmetry on the half maximum.
There are also differences between line and rms parameters obtained from periods I and II. As one can see from Table 4 , in period I, the FWHMs of Hβ and Hα are practically identical, while Hα exhibits a slightly blue and Hβ slightly red asymmetry (within the errorbars), i.e. they are almost symmetric at the half intensity maximum (here measured to be the blue peak maximum). In contrast, during the phase of flaring (2002) (2003) (2004) (2005) (2006) (2007) , the FWHM of Hβ remains broader than Hα (around 1500 km s −1 ), and both lines have a significant blue asymmetry at half intensity maximum. On the other hand, the separation between peaks is higher in period I than in period II, which is indicative of some global perturbation in the BLR. This result agrees with that of Paper I, where it was found that the difference in the radial velocities of the blue and red peaks is anticorrelated with the brightness of Hβ and continuum. We note that the blue to red peak ratio does not differ too significantly between the two periods, but there is a difference in the peak ratios and their separations of the mean Hα (RP-BP ≈ 6500 km s −1 , Ib/Ir ≈ 1.65) and Hβ (RP-BP≈ 5600 km s −1 , Ib/Ir ≈ 1.30) lines, which may reflect a stratification in the BLR, i.e. the different dimensions of the Hα and Hβ emitting regions. 
Flux variability in the wings and core of the broad Hα and Hβ lines and various correlations
To determine whether there are any variations in the structure of the BLR (here probably in the disk geometry), we investigated the relationships between different parts of Hα and Hβ. Light curves for the wings and cores of Hα and Hβ are presented in Fig. 13 . As can be seen, the flux in the wings and cores of both lines behaved similarly during the monitoring period. This was also found when we considered only the blue and red parts of the lines.
We found that the flux ratio of different Hα to Hβ parts varies during the monitoring period. In Fig. 14 , we presented the flux ratios of the red to blue part (asterisk blue-line), the central to blue (circles black-line), and the red to blue for when we divided lines into only two parts (triangle red-line). As one can see from Fig. 14, the blue part remains more prominent in the phase of higher activity in the period [2002] [2003] [2004] [2005] [2006] [2007] . This also reflects some global changes in the line-emitting regions.
We also identified a correlation between the continuum flux and both the integral flux and flux of different parts of the line (see Fig. 15 ). In Fig. 16 (available electronically only) , we present the relationship between the Hα and Hβ line parts. As we see in Figs. 15 and 16 , there is a linear relationship between the fluxes of the broad Hα and Hβ lines, their parts, and continuum fluxes (Fig. 15) , as well between the broad line parts themselves (Fig. 16) . These linear correlations indicate that for both lines, both the blue and red wings, and the core originate in the BLR that is ionized by the AGN source.
Variability analysis
In Table 5 , we present various parameters characterizing the continuum, the integral line, and the line parts, where F is the mean flux and σ(F) is its standard deviation, R(max) is the ratio of the maximum to the minimum flux in the monitoring period, F(var) is a measured (uncertainty-corrected) estimate of the variation amplitude with respect to the mean flux, defined by O'Brien et al (1998) to be
where e 2 is the mean square value of the individual measurement uncertainty for N observations, i.e. 
Correlations and cross-correlations(CCF) analysis
To estimate the size and structure of the BLR, one can derive the cross-correlation function (CCF) of the continuum light curve with the emission-line light curves. There are several ways to construct a CCF, and it is always advisable to use two or more methods to confirm the obtained results. Therefore, we crosscorrelated the 5100 Å continuum light curve with both the Hβ and Hα line (and their parts) light curves using two methods: (i) the z-transformed discrete correlation function (ZDCF) method introduced by Alexander (1997) , and (ii) the interpolation crosscorrelation function method (ICCF) described by Bischof & Kollatschny (1999) . We choose to apply the CCF method introduced by Alexander (1997) , i.e., the z-transformed discrete correlation function (ZDCF). The ZDCF approximates the bin distribution using a bi-normal distribution (see also Shapovalova et al. 2008 ). In the ZDCF the binning is performed by ensuring that there are equal population, while the effect of measurement errors is estimated by performing the Monte Carlo simulations (usually 100 runs is sufficient) of the averaged ZDCF of light curves with simulated random errors. Since a priori models of light curves do not exist, the estimated ZDCF errors may be extremely large. The Z transforms convergence requires a minimum of 11 points per bin. Using this method, we obtained a lag of 96 +28 −47 with coefficient of correlation of 0.92±0.02 between the continuum and Hβ. The cross-correlation functions obtained by ZDCF method are shown in Fig. 17 (available electronically only) . The lags and CCF coefficients are given in Table 6 . As can be seen for Hα, the CCF is affected by noise because of the small amount of observational data, and it is difficult to reliably determine the lag, there being two peaks in the CCF curve with estimated lags of 24 days (0.90 +0.07 0.05 ) and 151 days (0.90 +0.06 −0.05 ). As we mentioned above, we applied in addition the ICCF method to cross-correlate the flux of the continuum with both the Hβ and Hα fluxes, and found lags of 97±17 days (CCF=0.95) for Hβ and 270±150 days (CCF=0.84) for Hα, which agree with the ZDCF analysis. Both methods indicate that the lag between the continuum and Hβ flux is around 95 days. For the Hα line, the ICCF method is not applicable (because of the small amount of observations). To confirm the results obtained we compiled centroids for Hα (see Table 6 ) and measured a lag of 127 ± 18 days, which is closer to the larger value obtained from ZDCF. We also correlated the continuum and Hβ functions F A (t), F B (t), and G(t) described in Sect. 3.2 and found no lag between the continuum-Hβ F A (t), while the lag between the continuum-Hβ F B (t) is 574 The calculated lags and CCF between the continuum and different parts of lines, as well as between different parts of Hα and Hβ using ZDCF method are given in Table 6 . The last two columns of Table 6 indicate the centroid lag and the 90% of the ZDCF maximum, respectively.
In addition, we searched for any linearity between either the Hβ and continuum flux, or the Hα and continuum flux, taking different time shifts for the continuum. We assumed that the continuum is shifted by 0, 30, 100, 200, and 300 days. As shown Figs. 19 and 20 (available electronically only), the best-fit linear correlation Hα versus (vs.) continuum flux is found when the continuum has a lag of 200 days, but for Hβ the clearest linearity is obtained for a continuum shift of 100 days. This agrees well with the results obtained for the CCF analysis mentioned above.
The lines, line-parts, and continuum correlations
We correlated the continuum and line parts, as well as the line parts with the other line parts, finding that the lag in the continuum vs. Hβ line parts is 96 +47 −28 in all cases (the CCF coefficient being larger than 0.9). This and a short lag in the Hβ line partline part lag (6 +36 −6 , practically around zero within the errorbars) indicate that total line responses to the continuum vary at the same time. In both cases, there is no significant lag between the blue and red Hβ line parts, when we consider only blue and red part, and in the second case when we consider the blue, central, and red part.
For Hα, Table 6 shows that may be same lag between the blue and red/central part, around 23 days. However, since for Hα there are fewer data available for the calculation than for Hβ, as well as that there is one peak around zero (with a slightly smaller CCF value; see values in brackets in Table 6 ), this should be interpreted with care.
The CCFs for both Hα and Hβ in addition to the CCFs between their parts are shown in Fig. 17 . On the left side of Fig. 17 (from top to bottom), we present the Hβ CCFs of the continuumtotal line flux, blue-core, blue-red (three parts), continuum-red, and continuum-blue. On the right side, we present the same for Hα line. The CCFs for Hα are clearly noisier than for Hβ because there are fewer observations of Hα than Hβ.
Discussion of results
We have presented and analyzed data of the long-term monitoring of 3C390.3 (12 years, from 1995 to 2007). In Paper I, we presented the monitoring results for the period 1995-1999, and here we have enlarged our data set for the 8-year period 1999-2007. We now discuss the derived results.
Continuum and line light curves: possible quasi-periodical oscillation
In the first period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , three maxima (outbursts) are discernible in the Hβ and continuum light curves, after which in 2002, the activity seems to reach a minimum. Besides these two maxima, there are several local peaks, even in the minimum state, which became enhanced during the maximum of activity (2003) (2004) (2005) (2006) (2007) . This motivated us to search periodicity in the light curves of both Hβ and continuum (we did not attempt this for Hα because there were fewer data than for Hβ). By applying the two methods, we showed that there is a high probability that in both the line and continuum light curves some quasi-periodical oscillations exist, i.e., there is some long-term periodicity over between 1.65 and 4 years. Tao (2004) performed numerical simulations of two-dimensional axisymmetric accretion flows around both stellar and supermassive black holes and found that due to both the radial and vertical oscillation of shock waves in the accretion flow, the quasi-periodic variabilities in the light curve can be expected. These quasiperiodic variabilities may be detectable because of the predominance of the interaction between the winds and the inflow (see Chakrabarti et al. 2004 , and references therein). Chakrabarti et al. (2004) found that the QPO frequency of supermassive black hole should be approximately 10 −6 -10 −7 Hz, and the frequencies of possible oscillations were found to be ∼ 10 −8 . These variabilities are consistent with a disk geometry. Gierliński et al. (2008) reported that QPO is detected in X-ray spectra of RE J1034+396 (a narrow-line Seyfert 1 galaxy), but the QPO does not appear to have a disk origin (see Middleton et al. 2009 ). Harris et al. (2009) also reported the discovery of a X-ray QPO in the M87 jet. Arshakian et al. (2009) found a connection between the variable optical continuum and the subparsecscale jet in 3C390.3, in addition to a significant correlation (at a confidence level of >99.99 %) between the ejected jet components and optical continuum flares and that radio events follow the maxima of optical flares with the mean time delay around ∼36 days. Results obtained in Leon-Tavares et al. (2010) for the broad-line radio galaxy 3C 120, confirm the correlations found in Arshakian et al. (2010) and support the idea that the correlation between optical flares and kinematics of the jet may be common to all radio-loud galaxies and quasars. There is therefore, an open question about the origin of QPOs in 3C390.3.
We note that quasi-periodical variations in the observed blueto-red line wing flux ratios of Hβ, of period about 10 years, have been reported in several papers (see Veilleux & Zheng 1991; Shapovalova et al. 1996; Bochkarev et al. 1997 ), maximum values occurring at 1975 , 1985 , it follows that the maximal ratio F(blue)/F(red) was ob- Notes. For a ZDCF performed between the continuum and Hα, two peaks (within the ZDCF errorbars) are very often present, and the value for the second peak is given in brackets. The last two columns give the centroid lag and the 90% of the ZDCF maximum.
served in -2006 , the fluxes of maximal amplitude clearly occur in the years 1996 and 2006, e.g. they divide the interval by about 10 years. This closely agrees with reported quasi-periodical variations of period ∼10 years. This period of 10 years may be connected with the BLR (disk) rotation period.
Dimension of the BLR: CCF analysis
In Table 6 , the correlations between the continuum flux and either Hα or Hβ give different values, indicating different sizes of the Hα and Hβ emission regions. The lag measured for Hβ is ∼95 days, while for Hα it is closer to 100 days. In addition, the coefficient of variability (see Table 5 ) is slightly higher for Hβ than Hα, implying that the Hβ emitting region may be more compact than that of Hα.
In Paper I, the time lag in the response of the emission line relative to flux variations in the continuum, has been found to vary with time i.e. during 1995-1997 a lag of about 100 days was detected, while during 1998-1999, a double-valued lag of ≈100 days and ≈35 days is present. It is interesting that we obtained a similar result from Hα, while for Hβ we obtained consistent lag of 95 days using both methods. This, and also difference in the FWHM may indicate multicomponent origin of broad lines, as e.g. in the classical accretion disk, and one disk-like region formed around the accretion disk.
We recall the BLR scenario proposed by Arshakian et al. (2009) , where the broad emission lines of a double-peaked structure originate in two kinematically and physically different regions of 3C390.3: 1) BLR1 -a traditional BLR (accretion disk (AD) and the surrounding gas), which is at the distance ∼30 light days from the nuclei; 2) BLR2 -a subrelativistic outflow surrounding the jet that is in the cone that is within ∼100 light days of the source, at a distance of ∼0.4 pc from the central engine. During the maximal-brightness periods of the nucleus, most of the continuum variable radiation is emitted from the jet and ionizes the surrounding gas, creating the BLR2 that than produces the broad line emission. During the brightness minima, the jet contribution to the ionizing continuum diminishes and the main broad-line emission originates in the "classical" BLR1 (AD), ionized by nuclei continuum related to accretion onto the BH.
One can speculate that this scenario can be used to explain different lags of Hα and Hβ (and difference in the rate of variation), but there may also be some perturbation in a "classical" accretion disk in combination with the different dimensions of the emitting regions that may explain the observed results. In a forthcoming paper, we propose to apply disk models to explore these findings.
The structure of the BLR -disk and perturbations
An accretion disk is usually assumed to produce the doublepeaked line profiles emitted by some AGN. Gezari et al. (2007) found, from their approximately 20-year long spectral monitoring of the double-peaked Hα emission line of seven broadline radio galaxies, that their profiles varied on timescales of from months to years, and double-peaked lines were successfully modeled by emission of the gas from the outer part of the accretion disk. To explain variable flux ratios of the line wings, more complex models are required, such as hot spots (Zheng 1996) , two-arm spiral waves in the accretion disk (Chakrabarti & Wiita 1994) , or a relativistic eccentric disk (Eracleous et al. 1995) . Therefore, accretion-disk emission from 3C390.3 is probably present, and investigation of the long-term variability in the spectra (broad lines and continuum) of this object can provide information about the accretion disk structure.
As mentioned in Paper I (and papers quoted in Sect. 1), the geometry of the BLR of 3C 390.3 probably has a disk-like structure.
From Table 4 , we conclude that the distance (in velocity) between the blue and red peaks was smaller in [2002] [2003] [2004] [2005] [2006] [2007] , when the continuum flux was relatively high, while it was larger when the continuum flux was relatively weak. The similar anticorrelation in 1995-1999 was found in Paper I. This can be expected in the case where broad emission lines originate in the AD, i.e., are produced by changes in the dimension of the disk. The velocity difference increases, corresponding to smaller radii (emission from the part of the disk near to the BH), as the continuum flux decreases. When the continuum flux increases the velocity difference decreases, i.e., the contribution of disk parts farther from the BH is more significant.
If the BLR, however, consists of 2 regions -AD and subparcsec-jet (Arshakian et al. 2010) , then, in the maximum activity state, most radiation is produced by the jet and the velocity difference between blue and red peak decreases (further from BH). Otherwise, in contrast (i.e., in the minimum state of activity) most radiation is caused by AD and the velocity difference increases (near BH). We also note that in blazars, where the emission is dominated by the extremely variable, non-thermal radiation from the jet, the few spectroscopic studies available (since lines are often absent for these objects) have shown that in some cases there is a weak (or no) correlation between the line and continuum emission. This result was also reported by Benitez et al. (2009) In any case, the profile evolution indicates that some additional emission is present, as seen in the first period 1997-1998 for the central part of the line, and at the end of the monitoring campaign, when a difference was measured for the red wings of Hβ and Hα lines. These results could be interpreted by some kind of two-component model (see also Popović et al. 2004; Bon et al. 2009 ) but may also caused by the perturbations in the disk (due to shock waves), providing support for a disk model (as noted in Paper I). A pure disk model would be consistent with the absence of a lag between flux variations in the red and blue wings of the lines, and the line shapes of Hα and Hβ (with the blue and red peaks) being indicative of the relativistic disk emission.
If one were to propose pure disk geometry (without additional emission), then the various bumps in line profiles may be caused by spiral shocks in the disk. As we have shown in Sect. 3.2, the Hβ and continuum light curves can be decomposed into three functions F A (t), F B (t), and G(t). As discussed in Sect. 3.5, the time lag between F c A (t) and F Hβ A (t) is zero, while between F c B (t) and F Hβ B (t) it is around 600 days, which is close to the bump in CCF curves (see Fig. 17 ). The lag between the G(t) functions corresponds to the lag between the continuum and line fluxes. This may indicate that we have a complex scenario in which the variability has two distinct periods. Assuming emission to originate in the disk, if a perturbation appears close to the black hole, the continuum flux may first increase, after which (at around 90-100 days) the line flux increases. This is well described by the lag in the function G(t). On the other side, one may expect some of the continuum to be emitted from the line emission region (as e.g. due to free-bound transitions), which may be described by F A (lag zero between continuum and line). It is interesting that we have an additional lag of around 600 days in the flux (F B ), which may be caused by the perturbation seen in the flash, after which the perturbation spreads through the disk at super-sonic velocities.
The line profile variations and a possible model of the spiral shocks in the disk will be presented in Paper II of this series.
Disk versus a bipolar radial outflow
As noted in the Introduction, some models can explain the double-peaked broad emission line profiles in 3C 390.3. As aforementioned, a very popular model generates these lines in a relativistic disk. However, there is some contradiction between this model and the polarization observations of 3C 390.3. Smith et al. (2004 Smith et al. ( , 2005 proposed a two-component scattering model to explain the polarization properties of the optical continuum and Hα broad emission lines in Sy1 nuclei. They hypothesized that both the compact equatorial scattering region located inside the torus and the polar scattering regions are present in all Seyfert galaxies, and that their polarization properties can be broadly understood in terms of an orientation effect. On the one hand, Smith at al. (2004) suggested that the broad emission lines originate in a rotating emission line disk surrounded by a coplanar scattering region. Thus, in polarization light a double-peaked profile of Hα will be observed, as in total light, and the degree of polarization will be maximal in the wings of the line and minimal in the line core. The position angle (PA) of polarization is aligned with the projected disk rotation axis and hence with the radio source axis (e.g. E-vector is parallel to the pc-jet axis). On the other hand, the polarization is caused by far-field scattering in the polar illumination cones of the circumnuclear torus (Smith et al. 2004) . In polarization light, the Hα profile has only one central peak and the position angle (PA) of polarization is perpendicular to the projected disk rotation axis or pc-jet axis (e.g. E-vector is perpendicular to the pc-jet axis). From spectropolarimetric observations of 3C390.3 in Hα region taken at the 4.2 m Wiliam Herschel telescope in , Corbett et al. (1998 , 2000 obtained the following main results:
a) The optical polarization E vector is very closely aligned with the radio source axis, as for the case of equatorial scattering region.
b) In polarized light, the Hα profile has a broad central peak centered close to the systematic velocity and is also slightly asymmetric, the blue wing being somewhat less extended than the red. This result favors polar scattering and is inconsistent with an equatorial scattering model because a double peak in the polarized line profile is not observed.
c) The P(λ)-the percentage polarization of the continuum changed significantly between 1995 and 1997, presumably because there is a variable, intrinsically polarized, synchrotron contribution to the continuum (from a pc-jet component). Corbett at al. (1998 Corbett at al. ( , 2000 considered a model in which Hα photons emitted by a biconical flow are scattered by the inner wall of the torus. Thus, the scattering plane is perpendicular to the radio jet (e.g. E-vector parallel to pc-jet axis) and produces a single-peaked scattered Hα line profile. However, this model does not agree with the optical monitoring data, for which the following results are obtained:
1) The CCF-analysis for the Hβ and Hα line wings in 3C390 did not reveal any significant delay in the variations of the line wings with respect to the central part of the line, or relative to each other. The flux in the Hβ line wings and core also varied simultaneously. These results are indicative of predominantly circular motions in the BLR and favor a model in which the main contribution to the broad lines flux originates in the accretion disk and not the biconical flow PaperI) .
2) Livio & Xu (1997) demonstrated that the double-peaked lines seen in 3C390.3 cannot be produced by two line-emitting streams, since the emission region of the far cone jet would be obscured by the optically thick accretion disk. The aforementioned simple scattering models obviously would be unable to explain the available polarimetric and optic observations. The BLR in 3C390.3 may have a complex structure and broad line fluxes that originate in several components, such as an accretion disk, a spherical ensemble of clouds following virilized orbits, a bipolar radial outflow, or pc-jet.
Conclusion
We have presented a long-term spectroscopic monitoring campaign of 3C 390.3. We have constructed the continuum and Hα and Hβ light curves, performed cross correlation between the continuum flux and line fluxes as well as between the line parts. In addition, we have analyzed any changes in Hβ and Hα line profiles and compiled mean and rms profiles. From our analysis and inspection of the observed data, we have reached the following conclusions:
(i) During 1995 During -2007 , the Hα and Hβ broad emission lines and continuum varied 3-5 times. The amplitude of variability F(var) was larger in the continuum (0.46) than in either Hβ (0.38) or Hα (0.35). The blue Hβ and Hα wings were always brighter and vary slightly more strongly than those in the red. The Hα and Hβ profiles varied in a way similar to those of Sy 1 type in the maximum activity state and Sy1.8 type in the minimum activity state.
(ii) We found that QPOs exist in the Hβ and continuum light curve, as commonly observed for stellar-mass black holes. The periodicity of the light curves is probably connected with some shock waves near the supermassive black hole spreading in the outer part of the disk, but on the other hand, we cannot exclude the contribution of either ejection or jets to QPOs. Our results imply that the QPO variations in the observed flux ratio of the blue to red Hβ wings, of period ∼10 years (P∼10 yr), probably exist, as previously detected by Veilleux and Zheng (1991) ,.
(iii) Cross-correlation of the continuum and Hβ broad emission line fluxes shows a lag ∼95 days, as in both Paper I (in 1998-1999, ∼100 days) and Sergeev et al. (2002, lag∼89 days) . There is no significant lag between both the blue and red wings and the core, which is indicative of predominantly circular motions in the BLR of 3C390.3 and a disk-like geometry. For Hα, we found a lag of around 120 days. This difference in lags as well as in the FWHM of Hα and Hβ may imply that there is some stratification in the BLR (disk) of 3C 390.3.
(iv) The Hα and Hβ line fluxes and parts of lines are strongly correlated with the continuum flux, indicating that the ionizing continuum was a good extrapolation of the optical one.
(v) By comparing the Hβ and Hα line profiles, we found that the broad emission region has a disk-like structure, but there probably exists a non-disk component, or also a disk-like one of different parameters that contributes to the line emission. More details about the line shape variation and any possible disk structure will be given in a forthcoming paper. 
